Objective. To examine the relationship of exercise with overweight and obesity among an ethnically diverse sample of U.S. children. Method. Data from the 2011-2012 National Survey of Children's Health were analyzed to examine the relationship of daily exercise with children's weight status. Propensity score covariate adjustment and multivariate logistic regression with survey weights were used to control for child, home, and community characteristics. Results. Approximately 22% of all children ages 10 to 17 years engaged in daily exercise for at least 20 minutes. In the adjusted model for the entire sample, daily exercise was associated with children having a lower likelihood of being overweight or obese (odds ratio = 0.79; 95% confidence interval = 0.68-0.91). In a stratified analysis of the major racial and ethnic groups, however, while White children who exercised daily were found to have a lower odds of being overweight or obese (odds ratio = 0.70; 95% confidence interval = 0.60-0.82), this relationship was not found for most minority children. Conclusions. Racial and ethnic minority children were not found to have the same weight status relationship with exercising daily. These findings suggest that some population-average exercise recommendations may not be as applicable to minority children.
Original Article
The prevalence of pediatric obesity makes it imperative to evaluate the multiple determinants of children's weight status, including lifestyle habits and practices. This is particularly important for African American and Latino children who experience significant racial and ethnic disparities in pediatric obesity (Guerrero et al., 2016; Ogden, Carroll, Kit, & Flegal, 2014) . Physical activity has been shown to vary across ethnic groups of children, particularly South Asians and African Americans compared to Whites of European descent (Eyre & Duncan, 2013) . Findings examining the contribution of physical activity to racial and ethnic weight disparities, however, have been mixed. Part of the challenge is that there are few available randomized controlled trials demonstrating that physical activity, as a standalone treatment intervention, is an effective strategy to decrease adiposity in school-age children (Laframboise & Degraauw, 2011) . Furthermore, few studies involve minority children; those that do have shown a weak or nonsignificant relationship between exercise and body mass index (BMI; Barr-Anderson, Adams-Wynn, DiSantis, & Kumanyika, 2013; Butte, Puyau, Adolph, Vohra, & Zakeri, 2007; Thompson et al., 2004) . Addressing these gaps in the literature is important as interventions, clinical counseling, and professional guidelines emphasize physical activity as an important mechanism to decrease or maintain weight. It is possible that emphasizing other factors for specific populations may be more critical for weight status.
To evaluate the contribution of physical activity to weight status in the absence of studies that can account for the complex social determinants of weight, a research study carefully designed to minimize the likelihood of selection biases might be useful in examining the relationship. Propensity scoring adjustment can be one way to account for the contribution of unmeasured confounders to the outcome of interest between two groups. Some studies have suggested that propensity score adjustment can remove more than 90% of the bias in observational studies when randomization is lacking (Austin, 2011; Giordano, 2015) . Propensity score adjustment can be used with a number of observational studies, including crosssectional studies. Given that numerous factors contribute to children's weight status that may or may not be available in cross-sectional data, propensity score adjustment may provide a method to minimize the contribution of such potential confounders and therefore provide statistical adjustment for not just the measured variables but unmeasured variables as well.
To that end, the purpose of this study was to use a racially and ethnically diverse sample of U.S. children to examine the direction and strength of the relationship between physical activity and weight status among minority children using a propensity score analysis.
Method

Study Sample
The data source for this study was the 2011-2012 National Survey of Children's Health (NSCH) sponsored by the U.S. Department of Health and Human Services, Health Resources and Services Administration Maternal and Child Health Bureau. The study population of the NSCH represents a nationally representative sample of parents of children 0 to 17 years. The NSCH was designed to estimate a variety of physical, emotional, behavioral, child health, and health care indicators. Data were collected via telephone using a stratified random digit sampling of households with children under the age of 18 years. Informed consent of adult respondents for study participation was obtained using a consent script describing the voluntary nature of the survey, confidentiality of responses, survey content, and expected duration. Interviews were conducted in 52% of sampled households with children, with an overall weighted response rate of 54% for landline and 41% for cell phone. A total of 95,677 interviews were completed in English, Spanish, Mandarin, Cantonese, Vietnamese, and Korean. Details on NSCH survey design, operation, methods, and weighting procedures are described elsewhere (Blumberg et al., 2012) .
Because our outcome of interest was children's overweight or obese status, we excluded children younger than 10 years of age for whom weight and height data were not collected. Therefore, our final analytic sample included all children 10 to 17 years old who had complete data for all of the measures of interest in our a priori model. The final study sample was 38% (36,401) of the original sample. This study was exempt from review by the University of California-Los Angeles Institutional Review Board.
Measures
The primary outcome for this study was children's weight status. We used the NSCH BMI variable that was created using caregiver responses to questions about their child's height and weight and the Centers of Disease Control and Prevention national growth charts, which provide age-and sex-specific BMI cutoffs, to determine children's weight status. BMI calculations for this study are not based on objective measures of height and weight. They are calculated from parental reports of child height and weight, which are subject to biases due to under-or overestimations in height and/or weight. Nonetheless, the NSCH and many other large surveys in childhood populations use parent reports given the cost and time in obtaining objective measures (Himes, 2009; Huybrechts et al., 2011) . The NSCH categories of BMI included underweight (BMI < 5%), normal weight (BMI < 85%), overweight (BMI = 85% to 94%), and obese (BMI ≥ 95%). For this study, children with BMI <5% were excluded from the analysis, and children's BMI was categorized as normal weight (BMI < 85%) or overweight or obese (BMI ≥ 85%).
The primary independent variable of interest for this study was whether children participated in daily physical activity. Caregivers were asked, "During the past week, on how many days did [child] exercise, play a sport, or participate in physical activity for at least 20 minutes that made [him/her] sweat and breathe hard?" Responses ranged from 0 to 7 days as reported by caregivers. Responses were collapsed into 7 days or <7 days to reflect the daily physical activity recommended by professional guidelines, although the guidelines recommend a longer duration of daily exercise (Barlow, 2007) .
Covariates for this study included the child's race and ethnicity, age, and sex. We used the NSCH parent-reported child race and ethnicity data to classify race and ethnicity as Latino, non-Latino Whites, Black, and American Indian/Alaskan Native/Other referred to hereafter as European American, Latino, African American, and Other children. Latino children were further stratified based on the primary language spoken at home. Children's general health status was also included, as well as health insurance, and the presence of a special health care need that was based on the NSCH's Child and Adolescent Health Measurement Initiative 5-item screener (Centers for Disease Control and Prevention, 2013) . Household characteristics known to be associated with weight status were also included. Family poverty status was included and based on the Department of Health and Human Services poverty guidelines and categorized as 0% to 99%, 100% to 199%, 200% to 399%, and ≥400% of the federal poverty threshold for a family of four in 2011. Maternal educational attainment was also a relevant household factor that was included as a covariate in this study. Well-established factors associated with children's weight status were also included as covariates that included television screen time, which was dichotomized as watching television <2 hours or ≥2 hours per day; whether a park or playground area was in the neighborhood; parents' perceived level of neighborhood social support and capital based on an NSCH indicator capturing parental level of agreement on whether neighbors help each other, watch out for each other's children, are people parents can count on, and are people parents trust to help their children; and neighborhood safety based on parental report about whether their neighborhood or community is never safe for children.
Approach
Propensity score adjustment is one way to improve the covariate balance in the estimation of the effect of treatment with observational studies because it allows for the adjustment of possible confounding factors when participants are not randomly assigned to a treatment or control group. This methodology reduces bias when the comparison of outcomes is performed using treatment and control participants so that the groups are as similar as possible with regard to confounding factors. In this study, predictors of daily physical exercise were included in a logistic regression model to estimate propensity scores, which were then divided into deciles. The association between children's weight status and daily physical was evaluated adjusting for propensity score deciles to improve covariate balance between the groups of children who exercised 7 days a week compared to those who did not, in order to improve the estimation of the effect of physical activity.
Analyses
Analyses account for the complex survey design of NSCH and to yield national estimates using survey weights. The study sample was examined as a whole and then stratified by age, gender, and race and ethnicity, and European American, Latino, and African American children were examined independently. Descriptive statistics and frequency distributions were computed for all variables. Predictors of daily physical exercise were included in a logistic regression model used to estimate propensity scores. The association between children's weight status and daily exercise was evaluated using a logistic regression model controlling for the propensity score deciles in addition to all predictors of daily exercise or children's weight status. All analyses were completed using SAS Version. 9.4 (SAS Institute Inc., Cary, NC).
Results
The total sample size included 36,041 children of whom 25,844 were European American, 3,212 were African American, 3,890 were Latino, and 3,455 were Other (Table  1 ). The age range of the study population was 10 to 17 years (the average was about 14 years), and the average age was similar across all the racial and ethnic subgroups of children.
About half of all children were female. Over half of African American and Latino children in Spanish-speaking homes resided in homes with family incomes under 200% of the federal poverty level. In contrast, only 20% of European American children resided in homes with family incomes under 200% federal poverty level. Differences in the availability of a park or playground area in the neighborhood were found across the racial and ethnic subgroups of children, with Latino parents regardless of language spoken in the home reporting less availability than European American or African Americans. Differences in the perceived safety of neighborhood and community were also observed with approximately 5% of European American parents reporting that the neighborhood is usually or always unsafe for their children compared to 21% of African American and 23% of Latino parents in Spanish-speaking households.
In bivariate analyses, European American children who exercised daily for at least 20 minutes were more likely to have a normal weight status than European American children who did not exercise daily (Table 2) . No other racial or ethnic groups of children were found to have a significant bivariate relationship between daily exercise and weight status. The multivariable regression with propensity score decile covariate adjustment as well as adjustment for child, household, and community covariates showed that, overall, children who engaged in daily exercise were less likely to be overweight or obese (odds ratio = 0.79; 95% confidence = 0.69-0.91). Stratified multivariable regression analyses, using the same method of propensity score adjustment, were completed for gender and age, and were also completed for each of the major racial and ethnic groups in the study. In these analyses, younger children were found to have significantly lower odds of being overweight or obese with daily exercise and this relationship was no longer significant in adolescents 14 to 17 years of age (Table 3) . Males were also more likely to have lower odds of being overweight or obese with daily exercise, while female weight status did not have a relationship with daily exercise (Table 4) . Last, European American and Latino children residing in primarily Spanishspeaking homes were found to have significantly lower odds of being overweight or obese with daily exercise (Table 5 ). The weight status of African American and Latino children residing in primary English-speaking households was not associated with daily exercise.
Sensitivity Analyses
A sensitivity analysis was completed to determine whether our findings between exercise and our two-weight category variable (overweight and obese children compared to normal weight status children) would have looked different if a three-weight category outcome had been used. As such a proportional odds logistic regression was completed to examine the relationship between exercise and a threecategory weight variable (normal weight, overweight, and obese). The results showed almost identical odds ratios results for exercise and the three-weight categories. Given these minimal changes, we present the two-weight category variable for ease of interpretation in the article.
In addition, a sensitivity analysis was completed to examine whether the direction and magnitude of the odds ratios between exercise and weight status would differ without propensity score adjustment. We therefore examined the relationship between exercise and a two-weight outcome using a logistic regression model that did not control for both the propensity score deciles of daily exercise. The results generated very similar findings with odds ratios that changed minimally in magnitude and did not change in direction.
Discussion
Our study shows a significant and inverse relationship between daily exercise and being overweight or obese among White children ages 10 to 17 years, but this relationship was not found among similar-aged Black or Latino children in English-speaking homes. These findings would not have been noticed if the study sample had not been stratified by race and ethnic group and then reanalyzed. There is a significant relationship between physical exercise and weight status when the study sample is examined as a whole, but our results show that this relationship is likely driven by the strength of the relationship found among White children. This is the first study to our knowledge that has used a propensity adjusted analysis to evaluate the relationship between physical activity and weight among U.S. children. This methodology provides a mechanism to at least somewhat statistically adjust for both measured and unmeasured variables in the absence of a randomized cohort. A sensitivity analysis showed that a logistic regression without a propensity score adjustment can generate similar results, which provides reassurance for this more commonly used approach.
Our results suggest that for some minority children, physical activity may be less associated with weight status. Although the current literature shows mixed findings on the relationship between physical activity and weight status, our results are consistent with those that have shown no association between the independent effect of exercise and weight status among minority populations. For example, both young children and adolescent African American females in prospective, longitudinal, and cross-sectional studies have demonstrated no associations between moderate-vigorous physical activity and changes in waist circumference, BMI, or obesity regardless of whether physical activity was based on self-report or objectively measured using accelerometers (Anderson, Economos, & Must, 2008; Thompson et al., 2004; White & Jago, 2012) . The possibility that exercise for pediatric minority populations may not be a critical factor for weight status may have some underpinnings in a few small studies that have shown a lower resting metabolic rate, lower fat oxidation, and lower energy expenditure during exercise among African American girls and adolescents when compared to their European American counterparts (S. Lee & Arslanian, 2008; Richardson et al., 2014; Willig et al., 2011; Wong et al., 1999) . Fewer studies are available examining the independent effect of exercise and weight status among Latino children; however, some indicate the strength of the association is low to none (Butte et al., 2007) . Furthermore, similar to our findings, English-speaking preferences among Mexican American adolescents have been negatively associated with accelerometer measured exercise (H. Lee, Cardinal, & Loprinzi, 2012) . Thus, there are population and clinical studies suggesting that the weight benefits of exercise may differ among African American, Latino, and European American children. The possibility that weight status among minority pediatric populations may be less sensitive to physical activity is important for clinicians and researchers to consider. The disproportionate rates of pediatric obesity in minority populations against this backdrop of emerging evidence seems to confirm that changing the prevalence of pediatric obesity may require different strategies for different populations. There is ample evidence, for instance, on the relationship of poor nutrient-dense food consumption and children's weight status, and high concentrations of liquor stores, convenient stores, and fast food establishments combined with poor access to fresh foods and grocery stores make it easy Note. AOR = adjusted odds ratio; CI = confidence interval; FPT = federal poverty threshold. *Boldface indicates odds ratios found to be statistically significant at the p = 0.05 value. Note. AOR = adjusted odds ratio; CI = confidence interval; FPT = federal poverty threshold. *Boldface indicates odds ratios found to be statistically significant at the p = 0.05 value. for children and families to consume foods that contribute to an unhealthy weight (Ford & Dzewaltowski, 2008) . These types of obesogenic food environments are found disproportionately in minority communities (Fleischhacker, Evenson, Rodriguez, & Ammerman, 2011; R. E. Lee, Heinrich, Reese-Smith, Regan, & Adamus-Leach, 2014; Neckerman et al., 2010) . Although physical activity is important for overall health regardless of race or ethnicity, activity may not be able to impact weight status in minority pediatric populations without concomitant broad changes to the food environment and policies that promote access and consumption of high-nutrient dense foods or other combinations of interventions.
Our study findings show that in younger children and males, exercise seems to have a positive relationship with weight status that aligns well with the existing physical activity literature that often indicates that older children, adolescents, and females have lower levels of activity compared to their younger and male counterparts (Carson, Staiano, & Katzmarzyk, 2015; May, Kuklina, & Yoon, 2012) . Our results and those of others by no means suggest overlooking the health benefits of exercise or not including physical activity in weight loss or management plans. There is ample evidence that exercise reduces cardiovascular disease and all causes of mortality (Hupin et al., 2015; Stewart, Benatar, & Maddison, 2015) as well as positive benefits in cognitive and emotional domains of health (Archer, Josefsson, & Lindwall, 2014) . Our findings may be important to consider only in the context of weight loss, not in the context of overall health. The strengths of the study are the use of a representative racially and ethnically diverse sample of U.S. pediatric children with large enough subsamples to stratify by race and ethnicity, and the application of a propensity analysis to minimize as many potential confounders between children who exercise daily versus less than daily and its relationship to children's weight status.
This study, however, also has several limitations. All variables, including weight and physical activity, are based on caregiver report, which introduces the possibility of bias from caregiver recall. In particular, child height, weight, and physical activity practices have been shown to have weak to moderate associations between parental report and objective measurements (Colley et al., 2012; Himes, 2009 ). As such, these findings should be interpreted with caution and an awareness of the limitations from parental reports. Nonetheless, very few studies have evaluated whether the accuracy of parent-reported measures vary by race or ethnicity and this area requires further research. Second, the study was limited by examining children from ages 10 to 17 years as BMI data were not available for younger children. It is possible that the independent effect of daily physical activity with children's weight status may look different for younger children. Last, the survey had a slightly lower response rate compared to other large national pediatric surveys so the results may need to be interpreted with a nonresponse bias; however, large national data sets explore a nonresponse bias analysis to ensure there is not a substantial bias as a result of nonresponse.
Conclusion
Minority pediatric populations are disproportionately overweight or obese. The determinants of weight status are complex, and our study along with others seem to suggest that weight status among minority pediatric populations may be less sensitive to physical activity. The lack of a relationship between daily physical activity and weight status among older African American and Latino children from Englishspeaking households has important implications for clinicians and researchers who are targeting weight or BMI changes in these specific populations.
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